Advanced biomolecular technologies have begun to provide beneficial means to detect a variety of cellular molecules for tumor diagnosis, as well as predictive and prognostic factors of cancers. This new understanding of the molecular basis of cancers has led to the development of molecular targeted approaches to cancer prevention and treatment. Molecules involved in the growth factor signaling system have become favored targets for molecular targeted therapies in translational research and clinical development. The current molecular targeting agents are classified into humanized or camera monoclonal antibodies and small-molecule tyrosine kinase inhibitors. Patients with HER2-overexpressing, metastatic breast cancer are beginning to benefit from the first commercially humanized monoclonal antibody (Herceptin), and the first small-molecule tyrosine kinase inhibitor (Gleevec/Glivec) has been introduced in Japan. Gleevec/ Glivec has been demonstrated to have a long-term clinical benefit for most refractory patients with Philadelphia chromosome-positive chronic myelogenous leukemia as well as with KIT-expressing, unresectable and/or metastatic gastrointestinal stromal tumor. Accurate and reliable HER2 or KIT testing is per-formed to determine patient eligibility for Herceptin or Gleevec/Glivec therapy, respectively. HER1 (EGFR) and HER2 are the most widely studied target molecules for therapeutic inhibitions. HER family targeting has been initiated as the basis of extensive and growing drug development programs in various companies. A key technology of targeted therapies is molecular diagnosis with target identification. Along with the progressive development of HER-targeted therapies, the need to standardize immunohistochemical diagnostic tests for each targeted therapy is ever more pressing. Although the standardization of immunohistochemistry using archival formalin-fixed specimens is a tremendous challenge that will require great effort and considerable research, the development of an ideal pharmDx test for target molecular identification will be achieved by the optimal combination of heat-induced antigen retrieval with calcium-chelating solutions, effective signal amplification, and automated staining approaches. The expression levels and phosphorylation/ activation of various signaling molecules will be valuable in defining subpopulations of patients who may potentially respond to molecular targeted therapies.
I. Introduction
A new understanding of the important factors and signal transduction pathways that regulate cell growth, differentiation, and apoptosis has translated recent discoveries in cancer biology into novel approaches for the targeted therapies of cancers [9, 36, 38, 39] . The targeted therapies approach yields distinctive potential therapeutic targets, and identifies subpopulations of patients who are most likely to benefit from new anti-cancer agents. Highly potential therapeutic targets have been found within the growth factor signaling system, and several growth factor receptors and their tyrosine kinase have become favored targets for monoclonal antibody-based and orally administered small-molecule therapies that are most advanced in clinical development or already available for use [3, 44, 50] . In Japan, patients with breast cancer, chronic myelogenous leukemia (CML), nonsmall cell lung cancer (NSCLC), and gastrointestinal stromal tumor (GIST) are beginning to benefit from molecular targeted therapies. The targeted therapies have heralded a promising era of hope for oncologists and patients, particularly in the treatment of solid tumors, cancers traditionally refractory to conventional chemotherapy and with poor prognosis.
A key technology for molecular targeted therapies will be molecular diagnosis with target molecular identification. Molecular or histochemical testing may help to identify predisposition to cancers, determine the onset of cancers for earlier intervention, and select the target for the most effective treatment. For the success of the targeted therapies, identification of patients bearing a target molecule, or activated target molecule is an absolute prerequisite for determining patient eligibility [10, 28, 46, 52] . Progressive molecular biotechnologies based on immunohistochemistry (IHC) and in situ hybridization (ISH) techniques have provided a variety of beneficial means to identify tumor biology factors such as HER1 (EGFR), HER2, and KIT [17, 23, 47] . The application of diagnostic IHC is the most useful tool in molecular diagnosis as well as target identification for the molecular targeted therapies. Although IHC assay can be easily performed on routinely formalin-fixed, paraffinembedded (FFPE) specimens, the validity of IHC staining results depends upon tissue fixation, antigen-retrieval methods, and sensitivity of detection systems as well as systems for scoring and assessment of the staining. Therefore, IHC diagnostic tests for molecular targeted therapies, pharmacodiagnostic (pharmDx) tests, need to be standardized, considered in terms of their practicality and reproducibility, and also redesigned as a semiquantitative assay [19, 28, 46] .
II. Therapeutic Strategies to Target Molecules and Development of the Targeted Therapies
Signal transduction researches have shown the importance of members of the human epidermal growth factor receptor (HER) family of transmembrane tyrosine kinase in a number of solid tumors [8, 24, 49, 51, 54] . HER2 is an important member of the HER family and frequently overexpressed or amplified in a number of tumor types [28, 46, 52] . HER2 overexpression or HER2 gene amplification is found in up to 30% of breast cancers, leading to aggressive behavior and an unfavorable prognosis. However, the overexpressed HER2 receptor protein also serves as a target for anti-HER2 humanized antibody therapy [43, 48] .
In Japan, Herceptin was approved by the Ministry of Health, Labor, and Welfare (MHLW) in May 2001. Patients with metastatic breast cancer are beginning to benefit from this first commercially humanized monoclonal antibody, Herceptin. The likelihood of tumor regression with Herceptin therapy may be as high as 35 percent among patients with tumors that strongly overexpress HER2 [43] . The addition of chemotherapy enhances responses to the humanized antibody, and treatment of appropriately selected patients with Herceptin prolongs overall survival [4, 43] . Gleevec/ Glivec is one of the first of a new class of targeted anticancer agents introduced as a small-molecule tyrosine kinase inhibitor (TKI) that block the growth of Bcr-Abl transformed leukemic cells, and has demonstrated a long term clinical benefit for most refractory patients with Philadelphia chromosome-positive chronic myelogenous leukemia (Ph + CML) [11, 12, 22] . After MHLW approval for Ph + CML in November 2001, Gleevec/Glivec has been also approved for the treatment of patients with unresectable and/or metastaic gastrointestinal stromal tumors (GISTs) in July 2003. Gleevec/Glivec has shrunk the tumors by half or more in most patients and stopped their growth in many other patients [23] . As represented by the above success stories of the targeted therapies by Herceptin and Gleevec/Glivec, the current molecular targeting therapeutic strategies are classified into the development of small-molecule TKIs, and humanized or camera monoclonal antibodies (mABs) [26, 39, 50] . Orally active TKIs are the most promising class of targeted agents currently in development, and work by inhibiting the intracellular portion of the target molecules, thus blocking downstream signaling. The injection of humanized and camera mABs was the earliest approach to targeting molecules, and the mABs worked by binding to the extracelluar portion of the targets, thus preventing activation or inducing antibody-dependent cell toxicity (ADCC) (Fig. 1) . HER1 (EGFR) and HER2 are the most widely studied HER family members. In many types of cancers, HER1 (EGFR) or HER2 expression is abnormal or upregulated, indicative of its possible role in tumorigenesis [2, 24, 35, 54] . Evidence suggests that HER1 (EGFR) and HER2 over-expression or dysregulation correlates with tumor progression, survival stage, and response to therapy, indicating it may be a potential target for therapeutic inhibition. Although the complexities of HER driven cell signaling have yet to be fully understood, several possible points for interruption of tumorigenic cellular mechanisms have been proposed [13, 32, 37] . HER1 (EGFR) and HER2 targeting have formed the basis of extensive and growing drug development programs in various companies (Fig. 2 ).
III. Development of PharmDx Tests for Therapeutic Monoclonal Antibodies (mABs)
Herceptin has already become a standard of care for HER2-overexpressing metastatic breast cancer and is prescribed in conjunction with a pharmDx test for HER2 protein overexpression or HER2 gene amplification. The presence or absence of overexpressed HER2 protein or HER2 gene amplification are used to differentiate patients who may have a response to the humanized antibody from those who do not have a response. Although several IHC based assays and only one FITC assay are available for determining eligibility for the Herceptin therapy, the FISH assay is not widespread in Japan due to practical and economical reasons [46, 52] .
One of the pharmDx tests for HER2 expression, HercepTest, has been approved by MHLW as an in vitro diagnostic (IVD) kit in May 2001 when Herceptin was approved. It is an immunohistochemical staining system for semiquantitatively evaluating the expression status of HER2 proteins, and includes necessary antibodies and other reagents that have been optimized for detection of HER2 in FFPE specimens. Using the HercepTest scoring guidelines, the HER2 membrane staining is scored as 0, 1+, 2+, or 3+ according to membrane-specific intensity and pattern continuity [19, 47] . The conceptual IHC assay and scoring criteria have been taken over to EGFR pharmDx test as well [17] . EGFR pharmDx is already being used in Switzerland and USA to identify patients for Erbitux therapy. Erbitux, a camera monoclonal antibody against EGFR (HER1), has been used for treating irinotecan-refractory or intolerant metastatic, EGFR expressing colon cancer [17] . HercepTest and EGFR pharmDx may be straightforwardly utilized for other mABs as shown in Figure 2 , by having them modify the definition of positive staining and negative staining of tumor cell as well as the threshold of % positive cells [42] .
In order to develop a pharmDx test for new mAB therapies, it is absolutely necessary to generate a very specific primary antibody against the same molecular target site as identified by the humanized or camera monoclonal antibodies. Simplification of the immunostaining procedure is one of the most important strategies to standardize the pharmDx test. Utilizing a simple dextran-polymeric detection system [55] , a basic IHC assay for the therapeutic mABs is designed as presented in Figure 3 . The basic assay is divided into as many as four steps, including antigen retrieval, endogenous peroxidase blocking, primary antibody reaction, and visualization with dextran-polymer reagents. The dextran-polymeric detection not only yields an intense signal of positive staining but also never induces the endogenous biotin activity that may be enhanced by heat-induced antigen retrieval techniques [7] . Although an enzymatic or heat-induced antigen retrieval procedure will have to be carefully selected and optimized according to the primary antibody used for the test [41] , the endogenous peroxidase blocking and visualization procedures may be defined as standard steps in pharmDx tests for therapeutic mABs. The antigen retrieval technique may contribute to standardization of immunohistochemical staining of pharmDx tests, and result in increased robustness and sensitivity of the tests without compromising specificity in combination with an optimally diluted primary antibody. Additionally, while developing a prototyped pharmDx test for a new mAB, the testing result must be evaluated and compared with the clinical response to the mAB-based therapy in order to gain clinical accuracy and reliability of the pharmDX test as a prerequisite for determining patient eligibility [17, 46, 47] .
IV. Development of PharmDx Tests for
Tyrosine Kinase Inhibitors (TKIs) HER1 (EGFR) TKIs have transformative capacity in most common types of solid tumors and across tumor stages [32] . The majority of NSCLC express HER1 (EGFR), and the efficacy of HER1 (EGFR) TKIs in preclinical researches together with their favorable toxicity profiles has led to their clinical development in NSCLC [5, 20, 53] . Tarceva and Iressa have shown promising activity in NSCLC as single agents in phase II trails [15, 34] . However, randomized phase III studies of Tarceva or Iressa in combination with chemotherapy failed to demonstrate an increase in efficacy of HER1 (EGFR) TKIs over chemotherapy [16, 21] . The patients in these trails were enrolled regardless of EGFR expression levels in their tumors with strategy based on the high frequency of EGFR expression in NSCLC (up to 80%). In contrast to HER2 testing for Herceptin, HER1 (EGFR) expression or overexpression does not predict for sensitivity to TKIs in tumor tissues from patients, hence there has been no appropriate target molecular testing for patients selection using tumor specimens.
The identification of potential responder to HER1 Fig. 3 . Summary of a basic IHC assay for pharmDx test. A basic IHC based on the dextran-polymeric detection is divided into four steps, including antigen retrieval, endogenous peroxidase blocking, primary antibody reaction, and visualization with dextran-polymer reagents. An enzymatic or heat-induced antigen retrieval procedure will have to be carefully selected and optimized according to the primary antibody used for the test.
(EGFR) TKI is not as straightforward as demonstrated by the results of preclinical data due to the complex nature of HER1 (EGFR) TK activation as well as lack of a standardized assay for measuring HER1 (EGFR) TK levels or activity in tumors. Recently, several reports have associated somatic mutations in the TK domain of EGFR in a subset of NSCLC with sensitivity of the tumors to Iressa, suggesting that EGFR mutations may define a subset of tumors that are highly dependent on activated EGFR signaling and responsive to HER1 (EGFR) TKI therapy [27, 29] . However, there has been a report that presented Iressa-responsive patients as lacking EGFR mutations, indicating that the EGFR Fig. 4 . Comparison of the conventional dextran-polymer method and CSA method on the immunostaining with phosphorylated HER1 (EGFR) in NSCLC. The phosphylated HER1 (EGFR) immunostaining was performed on an autostainer using the dextran-polymer (A) and CSA methods (B) after the heat-induced antigen retrieval with Tris-EDTA solution. The phosporylated sites EGFR in NSCLC were strongly visualized by the CSA method (B), whereas only a few tiny signals were presented by the conventional method (A).
mutations are not necessary for patients to have clinical benefit from HER1 (EGFR) TKI therapy [33] . Therefore, further investigations are necessary to identify useful clinical or diagnostic predictors of responsiveness to EGFR-TKIs. Some studies are needed to compare the level of phosphorylated, activated EGFR with tumor response rather than the EGFR level. An immunohistochemical assay that works on archived tumor tissues will be strongly in demand for phosphorylated EGFR identification, considering its acceptability and convenience in routine clinical practice or research. In order to visualize phosphorylated EGFR in the tumor tissues, the assay must be sensitive enough to detect each phosphorylatedtyrosine residues in EGFR molecule. In archived FFPE tissues, in general, the antigenicity of small peptides or epitopes tends to be remarkably reduced because the fixative destroys their structure or masks the limited binding sites for antibodies via cross-linking action of formalin [14] . Thus, it may be difficult to detect the epitopes that may be very sensitive to formalin fixation by conventional IHC methods such as streptavidin-biotin complex (ABC) method or dextran-polymer method. The enzymatic or heat-induced antigen retrieval methods may restore the antigenicity of the epitope structures modified by formalin, and heat-induced antigen retrieval has been used successfully to detect a wide variety of antigens in FFPE tissues [31] . Although the underlying mechanism of the heat-induced antigen retrieval remains unclear, it is necessary to understand the factors that influence its effectiveness. Recent studies indicate that a combination of high-temperature heating and calcium-chelating are involved in the antigen unmasking [6, 25] . It is suggested that calcium complex formation with proteins in FFPE tissues may mask epitopes, and that pre-treatment by means of heating with calcium chelating solutions, such as citrate buffer (pH 6.0) or Tris-EDTA solution (pH 9.0), extract the calcium ions from the calcium-protein complex, resulting in unmasking the epitopes. The Tris-EDTA solution, which has a stronger chelating property, tends to produce more profound antigen retrieval. The heat-induced antigen retrieval is regarded as an easy heating technique. However, it plays a very important role in equalizing and emphasizing the intensity of immunohistochemical signals, especially those derived from phosphorylation of EGFR molecules.
In addition to an effective antigen retrieval method, a highly sensitive detection system needs to be employed for the phosphorylated EGFR identification. A catalyzed signal amplification (CSA) method using hapten-labeled tyramide has been introduced for solid-phase assays, and has subsequently been adapted for IHC and ISH assays [18, 55] . The CSA technique is based on oxidization reaction of tyramide induced by peroxidase in the presence of hydrogen peroxidase, and allows a 500-to 1,000-fold increase in sensitivity of IHC signals when compared with the conventional methods (Fig. 4 ). An optimal antigen retrieval method prior to the signal amplification is much more critical to maximize availability of the phosphorylated sites of EGFR as well as high resolution (Fig. 4B) .
Although the general principle of the CSA is simple, its practical complexity has revealed poor amplification efficiency and reproducibility as well as target localization [7, 18] . Additionally, using the CSA method after the intensive heat-induced antigen retrieval, the background staining may amplify as well without higher stringent washing buffer that contains higher saline and non-ionic detergent. Recently, the use of automated immunostaining assay with a variety of detection systems has brought about high productivity, quality assurance, and reproducible results without background staining in diagnostic pathology [14] . Likewise, the CSA method can be applied to the autostainer to perform the time-consuming and complicated amplification technique with minimal effort in an accurate, consistent, and reproducible manner [7] . An optimal combination of the heat-induced antigen retrieval with EDTA-based solutions, CSA, and automation approaches will be needed to achieve the development of an ideal pharmDx test for the phosphorylated, activated EGFR identification.
Several clinical studies with EGFR-TKIs have been initiated to measure expression and activation of EGFR and other downstream signaling molecules such as PI3K, Akt, and MAPK and their phosphorylation in tumor tissues [6, 25] . The objective of those studies is to establish a profile of potential responders to TKIs. IHC diagnostic tests for molecular targeted therapies, pharmDx tests that are able to assess expression levels, and phosphorylation/activation of various signaling molecules will be valuable in defining subsets of patients who may potentially response to the molecular targeted therapies. 
